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𝐶ே(?̅?, 𝑡)
𝐶஻ (?̅?, 𝑡) 𝐶ே(?̅?, 𝑡) = 𝐶ே(𝑥, 𝑦, 𝑧, 𝑡) 
(𝑥, 𝑦, 𝑧) 𝑡
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𝑟ே(?̅?, 𝑡) =  ቀ
ఓ೘ೌೣ
௒ಿಳ
+  𝑚ቁ 𝐶஻ ቀ
஼ಿ(௫̅,௧)
஼ಿ(௫̅,௧)ା௄ಿ
ቁ
 𝜇௠௔௫ 𝑌ே஻ 𝑚
𝐾ே
డ஼ಿ(௫̅,௧)
డ௧
= − 𝑟ே൫𝐶ே(?̅?, 𝑡), 𝐶஻(?̅?, 𝑡)൯ + 𝐷ே ∑
డమ஼ಿ(௫̅,௧)
డ௫೔మ
− ∇ ∙ (𝑣𝐶ே)ଷ௜ୀଵ
𝐷ே 𝑣 𝐶ே(?̅?, 𝑡) 𝐶ே,௕௨௟௞
 
 
(3.1) 
(3.2) 
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𝑌ே஻
డ஼ಳ(௫̅,௧)
డ௧
=  𝑌ே஻ൣ𝑟ே൫𝐶ே(?̅?, 𝑡), 𝐶஻(?̅?, 𝑡)൯ − 𝑚𝐶஻(?̅?, 𝑡)൧
𝜇௠௔௫
 𝑌ே஻
(3.3) 
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(𝑅) (𝑌ே஻𝑟ே(𝐶ே , 𝐶஻))
(𝑌ே஻𝑚𝐶஻)
𝑅 𝑅௠௜௡ 𝑅
(𝑡ௌ௉)
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൫𝐶஺(?̅?, 𝑡)൯
𝑇𝑅ା =  𝛼 
𝐶஺(?̅?, 𝑡)
1 +  𝛾𝐶஺(?̅?, 𝑡)
𝑇𝑅ି =  𝛽 
1
1 +  𝛾𝐶஺(?̅?, 𝑡)
(3.5) 
(3.4) 
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 𝛼 𝛽 𝛾 
Δ𝑡
𝑃௨ = (𝑇𝑅ା )∆𝑡 
𝑃ௗ = (𝑇𝑅ି )∆𝑡 
 𝑃௨ 𝑃ௗ
𝑟஺,௨ 𝑟஺,ௗ
𝑟஺ =  ቄ
𝑟஺,௨
𝑟஺,ௗ
  𝑟஺,௨ > 𝑟஺,ௗ
డ஼ಲ(௫̅,௧)
డ௧
= 𝐷஺ ∑
డమ஼ಲ(௫̅,௧)
డ௫೔మ
ଷ
௜ୀଵ +  
௥ಲ
୼௏
− ∇ ∙ (𝑣𝐶஺)
𝐷஺ Δ𝑉
𝐶஺,஽஻௅ = 0
𝑃௨ > 𝑛ோ
𝑃ௗ > 𝑛ோ
(3.7) 
(3.8) 
(3.6) 
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డ஼ಶ(௫̅,௧)
డ௧
=  𝑌ோൣ𝑟ே൫𝐶ே(?̅?, 𝑡), 𝐶஻(?̅?, 𝑡)൯ − 𝑚𝐶஻(?̅?, 𝑡)൧
𝑌ோ
(3.9) 
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𝑟௔௕൫𝐶௔௕(?̅?, 𝑡), 𝐶஻(?̅?, 𝑡)൯ = ቀ
஼ೌ್(௫̅,௧)
஼ೌ್(௫̅,௧)ା௄ೌ್
ቁ 𝐾஻୑ୟ୶𝐶஻(?̅?, 𝑡)
 𝐾஻୑ୟ୶
𝐾௔௕ 𝐶௔௕(?̅?, 𝑡) 𝐶௔௕(𝑥, 𝑦, 𝑧, 𝑡)
𝑟௔௕൫𝐶௔௕(?̅?, 𝑡), 𝐶஻(?̅?, 𝑡)൯ = ቀ
஼ೌ್(௫̅,௧)
஼ೌ್(௫̅,௧)ା௄ೌ್
ቁ [𝐾஻୑ୟ୶𝐶஻(?̅?, 𝑡) + 𝐾ா୑ୟ୶𝐶ா(?̅?, 𝑡)]
 𝐾ா௠௔௫ 𝐶ா
𝐶௔௕(?̅?, 𝑡)
డ஼ೌ್(௫̅,௧)
డ௧
= − 𝑟௔௕൫𝐶௔௕(?̅?, 𝑡), 𝐶஻(?̅?, 𝑡)൯ + 𝐷௔௕ ∑
డమ஼ೌ್(௫̅,௧)
డ௫೔మ
− ∇ ∙ (𝑣𝐶௔௕)ଷ௜ୀଵ
 𝐷௔௕ 𝑣
𝑃ௗ௘௔௧௛ = ቀ
௥ೌ್(௫̅,௧)ି ௥ಾ೔೙
௥ಾೌೣ  ି ௥ಾ೔೙
ቁ
𝑟ெ௜௡  𝑟ெ௔௫
𝑃ௗ௘௔௧௛ > 𝑛ோ
(3.12)
(3.13) 
(3.11) 
(3.10) 
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ℎ
ℎ =
𝜎
𝜇
𝜎 𝜇
ℎ
𝜎 𝜇
1x10ି଺ h
vଶδt
2
≪ D 
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v D δt
δt =
1x10ି଺h
𝐶ே,௕௨௟௞ 𝐶ே,௕௨௟௞
𝐶ே,௕௨௟௞
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𝐷ே ∑
డమ஼ಿ
డ௫೔మ
ଷ
௜ୀଵ
𝐷ே 𝐶ே௫(௜ାଵ) −  ൫2 ∗ 𝐶ே௫(௜)൯ +  𝐶ே௫(௜ିଵ) )
𝐶ே௬(௜ାଵ) −  ൫2 ∗ 𝐶ே௬(௜)൯ +  𝐶ே௬(௜ିଵ)
𝐶ே௭(௜ାଵ) −  ൫2 ∗ 𝐶ே௭(௜)൯ +  𝐶ே௭(௜ିଵ) ℎଶ
∇ ∙ (𝑣𝐶ே)
𝐶ே௫(௜ାଵ) −  𝐶ே௫(௜ିଵ) ) / (2 ∗ ℎ)]
ቀఓ೘ೌೣ
௒ಿಳ
+  𝑚ቁ 𝐶஻ ቀ
஼ಿ
஼ಿା௄ಿ
ቁ
41 
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∆𝑥 𝜇𝑚
𝜇𝑚
𝑁௝ 𝑗 = 𝑥
𝑧
𝑗௧௛
𝛮଴
𝑚 ℎିଵ
𝜇௠௔௫ ℎିଵ
𝑌ே஻
𝑡ௌ௉ ℎ
𝑅௠௜௡
 𝑔
𝐷ே 𝑚ଶℎିଵ
𝐾ே 𝑔 𝑚ିଷ
𝐶ே,௕௨௟௞ 𝑔 𝑚ିଷ
𝑌ாே
 𝑔 𝑚ିଷ
𝐷஺ 𝑚ଶ ℎିଵ
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𝑟஺,௨ 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 ℎିଵ
𝑟஺,ௗ 𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒𝑠 ℎିଵ
𝛼 𝑚ଷ𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒ିଵℎିଵ
𝛽 ℎିଵ
𝛾 𝑚ଷ𝑚𝑜𝑙𝑒𝑐𝑢𝑙𝑒ିଵ
𝐷௔௕ 𝑚ଶℎିଵ
𝐾௔௕ 𝑔 𝑚ିଷ
𝐾஻ெ௔௫ ℎିଵ
𝑔 𝑚ିଷ
𝐾ாெ௔௫ ℎିଵ
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𝑡 = 0
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𝐶ே 𝐶஻
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70 
 
71 
 
𝐶ே,௕௨௟௞ =
4 𝑔𝑚ିଷ
𝐶௔௕,௕௨௟௞ = 33 𝑔𝑚ିଷ
𝐶௔௕,௕௨௟௞ = 34 𝑔𝑚ିଷ 𝐶௔௕,௕௨௟௞ = 34 𝑔𝑚ିଷ
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𝐶௔௕,௕௨௟௞
𝐶௔௕,௕௨௟௞
𝐶௔௕,௕௨௟௞
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74 
 
75 
 
𝐶ே,௕௨௟௞
𝐶௔௕,௕௨௟௞
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𝐶௔௕,௕௨௟௞
77 
 
78 
 
𝐶௔௕,௕௨௟௞
79 
 
80 
 
𝐶௔௕,௕௨௟௞
𝐶௔௕,௕௨௟௞ 𝐶௔௕,௕௨௟௞
𝐶௔௕,௕௨௟௞ 𝐶௔௕,௕௨௟௞
81 
 
𝐶௔௕,௕௨௟௞
𝐶௔௕,௕௨௟௞
82 
 
83 
 
84 
 
85 
 
86 
 
87 
 
𝑟ுொேை,ௗ
𝑟ுொேை,௨
𝑟ுொேை,௨ =  𝑟ுொேை,ௗ + 𝑌ே,ுொேைൣ𝑟ே൫𝐶ே(?̅?, 𝑡), 𝐶஻(?̅?, 𝑡)൯ − 𝑚𝐶஻(?̅?, 𝑡)൧
𝑌ே,ுொேை
డ஼ಹೂಿೀ(௫̅,௧)
డ௧
= 𝐷ுொேை ∑
డమ஼ಹೂಿೀ(௫̅,௧)
డ௫೔మ
ଷ
௜ୀଵ + 𝑟ுொேை − ∇ ∙ ൫𝑣𝐶ுொேை൯
𝐶ுொேை 𝐷ுொேை
(6.1) 
(6.2) 
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𝑃𝑆ା =  𝛼′ ஼ಹೂಿೀ
(௫̅,௧)
ଵାఊᇲ஼ಹೂಿೀ(௫̅,௧)
𝑃𝑆ି =  𝛽′ ଵ
ଵା ఊᇲ஼ಹೂಿೀ(௫̅,௧)
𝛼′ 𝛽′ 𝛾ᇱ
Δ𝑡
𝑃ௌ஼௏ = (𝑃𝑆ା )∆𝑡 
𝑃ௐ் = (𝑃𝑆ି )∆𝑡
 𝑃ௌ஼௏ 𝑃ௐ்
(6.5) 
(6.3) 
(6.4) 
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